Introduction {#sec1}
============

Trauma is a major health problem and the fourth leading cause of death worldwide, affecting all age groups.[@bib1]^,^[@bib2] Trauma patients occupy one out of every eight hospital beds and traumatic injuries kill more than 165,000 patients per year in the United States.[@bib3] In Iran, trauma is the second leading cause of death in all age groups. Hence, considerable attentions must be given to trauma care and extreme caution must be taken.[@bib4]

Length of hospital stay (LOS) is targeted as an important metric to assess trauma care.[@bib5] Early intervention and reduced LOS have been long believed to improve the outcomes in trauma patients.[@bib6] In this context, some studies have signified the impact that prolonged LOS had on subsequent development of hospital-acquired infections among trauma patients.[@bib7] Moreover, reduction in hospital LOS was accompanied with significant reductions in costs.[@bib1] Besides, prolonged LOS could lead to waste of resources as well as functional decline.[@bib8] Therefore, LOS has been used as an important marker for quality of care, costs, and resource utilization in trauma centers.[@bib9]

Some studies have declared that a longer LOS amongst trauma patients was associated with an increased hospital mortality, even when controlling the anatomic, demographic, and physiologic factors.[@bib6] In contrast, some surveys revealed no relation between mortality and LOS.[@bib9] In other words, they indicated no differences between the patients with a long or a short LOS with respect to survival rate.[@bib10]

LOS for trauma patients varies widely and is dependent on numerous factors. Demographic variables, including age, gender, and race, have all been noted to be non-modifiable effective factors in LOS. In comparison to younger trauma patients, older ones had a longer LOS and a greater need for long-term care. In addition, some studies showed that women were more likely to be discharged sooner. Nonetheless, contradictory results were obtained regarding the impact of race and ethnicity on LOS. Although non-white patients were more likely to be discharged sooner in some studies, there were no differences amongst African-American, Hispanic, and Caucasian patients in this regard.[@bib11]

Moreover, LOS was found to be significantly associated with trauma score and injury severity.[@bib3]^,^[@bib5] A study[@bib4] revealed that injury severity score (ISS) was the best predictor for LOS. Additionally, post-trauma pain was stated to influence LOS. Prior research showed that if pain restricts the patient\'s ability or pain develops during therapy, slower recovery procedure and increased LOS are likely to occur.[@bib11]

Surgical interventions can also influence LOS in trauma patients. In a survey, surgical management of hip fractures was associated with reduced LOS in elderly patients.[@bib12] In addition, one of the most important predictors of LOS was complications, which were associated with a 62% increase in LOS. Intensive care unit admission, shock, gunshot wounds, brain injuries, and comorbidities were other less important predictors of LOS.[@bib9]

Currently, there is a lack of knowledge on variations in LOS as well as the predictors of LOS across trauma centers in Iran. Therefore, the present study aimed to evaluate the risk factors that affect LOS in trauma patients in Southwestern Iran.

Methods {#sec2}
=======

Study design and setting {#sec2.1}
------------------------

This cross-sectional study was conducted in Rajaee Trauma Hospital, which is the center of emergency medical services for trauma patients in southwestern Iran. This center consists of 7 general wards, 32 beds each; 6 ICUs, 9 beds each; and 2 emergency wards with 20 beds each. This study was ethically approved by Shiraz University of Medical Sciences.

Data collection {#sec2.2}
---------------

This study was conducted on 14,054 trauma patients between January 1, 2018 and December 30, 2018. Patients with injury as their first diagnosis were detected by an expert physician and were enrolled in the study. They were supervised during their hospitalization by expert physicians until death or discharge.

The inclusion criteria of the study were age above 15 years and having traffic accident injuries. Pediatric patients were not included, since this center only admits patients above 15 years of age. The exclusion criteria were having any pre-existing diseases (including cardiovascular, cerebral, renal, and pulmonary diseases), being dead upon arrival or within 48 h after admission, and staying in the hospital for less than 6 h. Road traffic-related injuries were chosen as the main mechanism of injury and all other mechanisms of injury like burns, poisoning, drowning, suicide attempt, asphyxiation, gunshot injuries, and struck by objects were excluded. The injury mechanism was classified as car, motorcycle and pedestrian accidents.

Moreover, the site of injury for every patient was selected based on the highest abbreviated injury scale (AIS) score. It means that a patient may have multiple trauma sites but only the most severe or critical injured site was chosen as the injured site.

The variables that were analyzed and evaluated as risk factors for prolonged LOS included age, gender, mechanism of traffic accident injury, infection during hospital course, type of injury, ISS, surgery during hospitalization, and survival.

Statistical analysis {#sec2.3}
--------------------

The data were analyzed using Stata 14 software and the figures were prepared using R 3.4.3 software for Windows. Descriptive data were analyzed using tables, charts, means, and standard deviations, while analytical data were evaluated via Chi-square test and independent *t*-test. Poisson regression was also used to evaluate the partial effect of independent covariates on the odds ratio of one extra day of hospitalization as the dependent variable. A two-sided *p* value less than 0.05 was considered to be statistically significant.

Results {#sec3}
=======

The mean age of patients was (33.89 ± 15.78) years, and 74.35% of the patients were male, with male to female ratio of 2.90. Additionally, 1.21% of the patients died during the study period. Moreover, the patients' median LOS was 2.85 days, interquartile range (IQR) = 1.00 day. The relation between the study variables and LOS is presented in [Table 1](#tbl1){ref-type="table"}. Accordingly, age, gender, mechanism of traffic accident injury, infection, type of injury, survival and ISS were significantly related to LOS. For instance, higher age, being male, face injuries and existing nosocomial infection made the patients more prone to have a longer duration of hospitalization (all *p* \< 0.001). Moreover, ISS was higher in patients with longer LOS in comparison to those with shorter ones (χ^2^ = −5.76, *p* \< 0.001). Finally, 2.20% of the patients who had longer LOS died. In comparison, only 0.84% of patients with shorter LOS died (χ^2^ = 43.27, *p* \< 0.001).Table 1Univariate variables based on hospital length of stay (*n* = 14054).Table 1VariablesHospital length of stay (d)Statistical value*p* value\<3 (*n* = 10,243)≥3 (*n* = 3811)Age (mean ± SD)33.16 ± 15.3035.85 ± 16.86−9.02\<0.001Gender Male7352 (71.78)3098 (81.29)131.88\<0.001 Female2891 (28.22)713 (18.71)Mechanism of injuries Car accident5630 (55.78)1605 (44.73)129.55\<0.001 Motorcycle accident3095 (30.66)1375 (38.32) Pedestrian accident1369 (13.56)608 (16.95)Infection Yes13 (0.13)298 (7.82)759.66\<0.001 No10,230 (99.87)3513 (92.18)Location of injuries Head & Neck3018 (29.46)800 (20.99)305.07\<0.001 Face374 (3.65)338 (8.87) Thorax869 (8.48)380 (9.97) Abdomen & Pelvic776 (7.58)146 (3.83) Extremities5206 (50.82)2147 (56.34)Outcome Alive10,157 (99.16)3727 (97.80)43.27\<0.001 Death86 (0.84)84 (2.20)ISS (mean ± SD)4.45 (5.94)7.42 (7.42)−5.76\<0.001[^1]

The results of multivariate Poisson regression between the covariates and LOS are presented in [Table 2](#tbl2){ref-type="table"}. It should be noted that male gender was 1.18 times more prone to have a longer LOS than female (*p* \< 0.001). Furthermore, LOS had a direct relationship with age. In other words, patients with higher age were more susceptible to stay in hospital for extra days.Table 2Multivariate Poisson regression between the covariates and hospital length of stay (*n* = 14054).Table 2Hospital length of stayCategoriesExp (β)[a](#tbl2fna){ref-type="table-fn"}*p* value95% *CI*[b](#tbl2fnb){ref-type="table-fn"} for exp (β)LowerUpperAge (15--44 years)45--641.19\<0.0011.161.2265 and more1.13\<0.0011.081.17GenderMale1.18\<0.0011.151.22Injury mechanism (pedestrian)Car accident1.020.080.991.05Motorcycle accident1.030.011.011.07Injured area (Head & neck)Face0.980.420.931.02Thorax1.32\<0.0011.271.37Abdomen & pelvic contain0.990.710.931.04Extremities1.06\<0.0011.041.09ISS (\<8)9--151.37\<0.0011.331.40≥161.53\<0.0011.481.57InfectionYes4.48\<0.0014.394.66SurgeryYes5.36\<0.0011.661.80[^2][^3]

In addition, all injured areas were compared to head & neck injuries. The results indicated that the patients with thoracic injuries were 1.32 times more susceptible to a longer LOS in comparison with those with head and neck injuries (*p* \< 0.001). The patients with infected sites were also 4.48 times more prone to a longer LOS in comparison to those without infection (*p* \< 0.001). Moreover, the patients who were under surgical procedures were 5.36 times more susceptible to stay in hospital for one extra day (*p* \< 0.001). Additionally, LOS was significantly longer in patients with higher severity score.

The mean LOS in patients with different injured areas is depicted in [Fig. 1](#fig1){ref-type="fig"}. Accordingly, patients with face injuries followed by thorax injuries had the longest LOS (3.74 days and 3.36 days, respectively).Fig. 1Means of hospitalization in patients with different injured areas.Fig. 1

The results of descriptive analysis for the mean LOS based on infection, surgery, and ISS are depicted in [Fig. 2](#fig2){ref-type="fig"}. Accordingly, patients with infection, surgery, and ISS \>15 had the highest mean of LOS (38.09 days). Moreover, the mean of LOS was 27.66 days among the patients who had infection and underwent surgical procedures simultaneously. Patients who had ISS \>15 along with one of the two complications, i.e. surgery and infection had the lowest mean of LOS. Therefore, existence of any surgical intervention with infection in a patient had the highest impact on LOS according to this figure.Fig. 2Descriptive analysis of mean hospitalization based on infection, surgery, and injury severity score.Fig. 2

Discussion {#sec4}
==========

Findings of the present study showed that the LOS of the admitted trauma patients was median 2.85, IQR 1 day, close to what was reported in another study.[@bib13] The results also showed that male gender had a bit longer LOS. Another study that investigated the influence of gender on LOS in trauma patients revealed that males were less likely to be discharged sooner.[@bib14] In addition, the current study results revealed significant relationship between higher age and prolonged LOS. In confirmation of our results, Brotemarkle et al.[@bib11] showed that older trauma patients had longer LOS.

In the present study, the mean LOS was 38.09 days in patients with documented infections along with surgical intervention and ISS \>15, which was 27.66 days in patients with infections and surgical intervention. Moreover, infected patients were 4.48 times more prone to stay longer in the hospital in comparison to those without any infections. These findings confirm the great impact of infection on LOS. Our result is consistent with the results of several studies,[@bib15]^,^[@bib16] showing that infections (such as surgical infections, sepsis, pneumonia, and urinary tract infections) were associated with the greatest LOS and could significantly reduce the rate of discharge. Similarly, a study conducted in Southern-Central United States indicated that nosocomial blood stream infection in adults was significantly related to increased LOS.[@bib17] Our recent survey in Iran also showed that The homeless infection that results from hospitalization further leads to increased prolonged hospitalization in trauma patients.[@bib18] Another study by Abbasi et al.[@bib19] indicated that death following a nosocomial infection was 15 times more likely to happen after 1 week of hospitalization.

The present study results showed that patients who were under surgical procedures were 5.36 times more susceptible to stay in hospital for one day more. On the contrary, a systematic review indicated that operative management of rib fractures and injuries was effective in reducing LOS.[@bib20] The observed discrepancies might be attributed to some surgical complications that occurred in our center, which could add 2--3 weeks to LOS.[@bib21]

Recently, studies have produced contradictory findings regarding the effect of prolonged LOS on mortality. The current study findings show that patients with longer LOS were more prone to die. In contrast to these results and the expectation of high mortality associated with prolonged LOS, another study revealed that injured adult trauma patients who did not die within the first few days and had longer LOS demonstrated a higher ability to survive with an overall survival rate of more than 92%.[@bib22] In addition, a study performed in Massachusetts and California revealed that LOS had no significant impacts on death.[@bib23]

The present study found that LOS was higher in pedestrian and motorcycle accidents compared to car accident injuries. In the same line, a previous study conducted in Iran indicated that longer LOS was associated with being a pedestrian or motorcyclist.[@bib24] A recent study in the United States also reported that auto-pedestrian collisions contributed to most delayed discharge from hospitals. These patients experienced 2.3 days of delayed discharge on average.[@bib25]

Andersen et al.[@bib26] showed that increased severity of injury contributed to excessive LOS in acute care settings, which was consistent with another survey[@bib27] showing a strong positive correlation between higher ISS and prolonged LOS. Moreover, a study performed on 30,157 trauma patients revealed that patients spent one additional day in ICUs for every five additional points on the ISS.[@bib28] As expected, the current study results also proved that the patients with prolonged LOS have significantly higher ISS compared to those with shorter LOS.

In this study, the patients with face and thorax injuries had the highest mean of LOS (3.74 and 3.36 days respectively). In addition, the patients with thorax injuries were 1.32 times more susceptible to hospitalization in comparison to those with head and neck injuries. A study showed that patients with flail chest due to chest injury had a statistically significant increase in both hospital and intensive care unit stay.[@bib29] Furthermore, our previous study showed that patients with spinal trauma had a higher LOS in comparison to those without.[@bib30]

The strength of this study was that it was conducted in a trauma referral center with a large number of trauma patients, which makes the survey more credible. On the other hand, the study had some limitations. For instance, pediatric trauma patients were not included in this study, since this center only accept adult patients. Thus, future studies are recommended to evaluate LOS amongst pediatric trauma patients.

In conclusion, this study identified that age, gender, kinds of accident injury, infection, type of injury, survival, and ISS could affect LOS. Considering the site of injury, the patients with thoracic and face injuries had the highest mean of LOS. Additionally, the nonsurvivors had higher LOS compared to survivors. Thus, LOS can be reduced by eliminating its modifiable risk factors.
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[^1]: SD: standard deviation; ISS: injury severity score.

[^2]: Linear regression coefficient.

[^3]: Confidence interval of B.
